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Results are presented for a pert of a test program on
24S-T aluminum-alloy flat compression panels with longitudinal.
formed hat-section stiffeners. This part of the progrem is
concerned with pmals in which the thickness of the stiffener
material IS equal to the thickness of the skin. The results)
presented in tabvMr and graphical form, show the effeet of the
relative dimensions of a psnel on the buckling stress and the
average stress at maximm load. Ccupsrative envelope curves are
presented for hat-stiffened and Z-stiffened panels having the same
ratio of stiffener thiclmess to sheet thiclmess, These curves
provide
tlm two

An

some indication
types of panel.

of the relative structural efficiencies of

INTRODUCTION

extensive experhnmtal. investigation of the strength of
24.S-Te.lminmn-alloy-flat conrpres~i$m~els witi 10ngitUdind.
fomed Z-”sectionstiffeners was reported in reference 1. T@
data presented in reference 1 were reworked on the basia of a
selected design parameter and were used for the preparation of
design charts in reference 2. .A similar investigation.is now
being conducted on panels of the same material with fo~ed hat- .
section stiffeners for the purpose of making design charts like
those of reference 2 and also to provide an eventual coqlete
comparison of the structura3 efficiencies of the two types of
stiffener.

..
:.

..
,’..,,’.:, ;



2

The initial part of the test program on
stiffeners was re~ortmd in reference 3.. The

NACA TN NO. 1439

panels with hat-section
second part of this

test progrsm has now been completed and tie results ‘&e presmbd
herein; tiis part of the yro~am is concermdwi.th panels in which.
the thickness of the stiffener material is emal to tie thlcknem of
the skin.

Symbols for dimensions
figure-l.. In addition, the

.

EmlBm.s

of panel cross sectims are shown in
followhg symlols are used:

Pi

%

L

c

compressive load per inch of panel width, kips per inch

cross-sectional area per inch of panel width, or equivalent
thickness of panel, inches

length of pimel, inches “

coefficient of end f’ixityin Euler column formula

local-buckling stress of skin or stiffener, ksi

average stress at failure, ksi

TEST SPEC3MENS

,

The test panels each had six stiffeners. Both the skin tid
stiffeners were tide of 245-T aluminum-alloy sheet with the grain of
the material parallel to the longitudinal axis of the panels, The
with-grain compressive yield strength of the EMn material ‘ranged
between 42.7 ksi and 45.4 .ksiwiti an average of 43.9 ksi and that
of the stiffener material ‘beforeforming varied between 42.8 ksi
and 45.3 ksi with an average of ~..O ksi.

For the tests reported herein, the nominal thickness of the
stiffener material and the skin material was O.0~ inch. The
nominal ratio of the stiffener thiclmess to’the slc~-thi.ckness ~~/tS

was tierefore constant at 1.00. With these dimensions known,
numerical value’sfor all cross-sectional dhnensi.onscan be found
by means of the proper di~uensionratios. The stiffeners were
formed from flat sheet to an inside radius of 0.125 inch for all.
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(.)r4
bends = * 3 . The width of the attachment flenge

%
bA mS ()●& inch

for all stiffeners. The rivet Mnes on the stiffeners,were cm the
longitudinal center lines of the attachment flange8. A typical
-1 cross section 1s shown in figure 1..

The NACA flush-rivet method (reference 4) was employed in the
construction of the test specimens. The rivet holes were counter-
sunk on the skin side of the panel to a depth of three-fourths of
the skin thickness, the countersink bavhg an.included angle of 60°.
Ordinary flat-head JIL7S-Talwninum-alloy rivets were inserted from
the stiffener side, and the shanks were upset into the countersunk ‘
cavity. The protruMn~-Oart of the upset shenk was then milled off
to provide a ;mooth sw-f~ce. EIh9ri&t
the pitch waa 1/2 inch.

In order to ensure uniform bsering
ends of each panel were wound flat and
tudinal axis of the panel.

diameter was 1/8 inch en&

in the testin~ machine,.the
perpendicular to the longi-

ME’I!EODOF TESTD?G

The specimens were tested flat-ended.,without side support,
in the 1,200,000-pound-capacity testing machine at the Langley
structures research laboratory. For the testing machine, within
the range of lode used, *he indicatsd load is within one-half
of 1 percent of the applied load. Provisions were made for setting
the specimens in the testing machine in such a manner as to maintain
the flatness of the panels and afford unifomn bearing at the ends-.
F@re 2 shows a panel prepared for testing.

Resistance-type wire strain gages were used to measure strains
at successive increments of load. The gages were placed in those
locations on the stiffeners and skin where buckles were expected
to appear ftrst.

RESUL’IB AND CONCLUSIONS

Results’and conclusions for hat-stiffened Panels.- By use of
the m~d set forth in reference 5, it has been found that for
panels stiller to those of this investigation, which wwe tested
flat-ended in the same testing machine, the coefficient of end
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tixity c, ts about 3.75. This value,of c was consequently
used In reduci~ the present &ata. “

In order to obtain the average stress at failure Ff, the

load at which failure occurred was dividedby the cross-sectional
area of the panel. No adjustment was made to offset the effect of
having an unequal number of stiffeners and bays. The effect of
such an adjustment would.be to decrease slightly the values of Ff

b~ ~d Pi -
at high velues of In&&much as the purpose of the

% L~”
.—

present payer is to ~esent test data, however, and not to prepre
final design charts, the adjustment.was considered unwarranted.

~ order to obtain the buckling stress for each penel, tie
strain-gage readings were -plottedin the form of load-strtiincurves
and the buckling load was taken as the load beyond which there was a
decrease in local compressive strain, as shown by the reading of a
gage near the crest or a buckle. Tlm buckling load was dividedby
the cross-sectional area of the ~anel to give the observed buckling
stress. An adjustment was made in the observed buckling stress to
correct for slight variations from the nominal dtiensions of ‘&e
specimens. The method for making the adjustment is explalned in
the appendix of reference 3.

Because stresses are determinedly the relative rather than
‘theabsolute dimensions of the panels, nondimensional ratios are

‘iused in presenting the data. Zn.reference 2 the quantity —
L/\G

ts developed as a suitable parameter against whtch to plot ~hb
average stress at maximum load. This perameter is used in plotting
the results of the tests in the present investigation.

—

.

.

Tables 1 to 4 (facing figs. 3 to 6) list both the observed
and the adjusted buckling stresses, together with the average

Pi me
stress at failure, for corresponding values of

L/\@
ratio ~/tS is included in the tables for convenience in makin~ .

compwisons between the hat-stiffened test panels and the Z-stiffened
panels of reference 20 Values of L/~ ~-e also given. —

In figures 3 to 6 the average stress at failure is plotted
Pi

.

against — for the vsrious dimension ratios used. The initial.
L/@

dashed parts of the curves were computed from the column strength
.
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of the panels ba=ed on ncminal atiensions ma a colurqn curve
obtained from equations (5) and (6) and table 1 of reference 6; the
solla-line perts of the c-m?veswere drawn throu@ the experimental
test po~nts.

The primary results of this investigation are to be found in
the numerical values of &st data contained.in the tables and
fQ3ures. In addition, the following g=eral conclusions may be
drawn regcrcd.ingthe effect of the various d3mension
strength of the test penels. It is assumed that as
ratio is ch~ed all others remain constant. These
clusiom csn only ba considered to apgly m“.thin&e
panels tweac

l?.

ratios on tke
each dimension
general con-
range of’

1. When the pazmmeter + has a very low value (long panels
Lj@

that fail by column ben&h@, the stress developed by the panels
increases ‘withan Increase in’ ~/~ becawe tacreaflingthe height

of the stiffeners provides tncreased column strength. For high
Pi

values of — (short panels that fatl by local buckling}, however
L/‘F

the stress decreases as bw/@ ticreemes.because increasing the
hetght of the stiffeners &ecreases the local-buckling strength.
*

2. At very high values of 3 (short panels tiat fail by
L/&

local buckl+~g), an increase in the ratio ~~ tsndo to decrease ..

the stress developed by the panels becau6e increasing the width of
the stiffeners decreases the local-buckl-~ strength,

Pi
3. Except at very low values of ~~ (long panels that fail.

by column bending), the stress developed b~ the test panels
increases afl bS/ts is decreased because decreasing the stiffener

spacing .increasemtie local-buckling strength.

C!omper@on of hat-stifTened and Z-stiffened panels.- Ih

2~
reference 2, envelope curves of ??f egatit — were presented

L~~F
for Z-stiff8ned panels with four values of the ratio +J/ts.

Although the present ‘paperis based on far less dak than was
reference 2, it is possible to prepare a similar envelope curve
based on the present tests. In figure 7, such en envelope curve
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%is compared.with that for Z-stiffened panels with — = 1.00. It
i

ts

should not be inferred that the ratio ~/ts is considered a proper

basis for final comparison; a better comparison %Tould be provided
by actual comparative desi~, or by curves of the type presented
in figu&es 18 to 20 of reference 7. The present data, however,
me too Mmited for such an e~edlent aud consequently ~/~ is

used to afford a tentative evaluation.
,

ll%emost @ediately evident feature of figure 7 is that the
values of Ff for hat-stiffened panels are appreciably lower then

n

those for Z-stiffened panels at hi~ values of -0 several
L/fi

factors (see reference 3) could be responsible for this difference.
Xt is apparent fro?n figure 1 that the clear distance between the
sides of ai@cent stiffeners is appreciably &eater than bs, the
distance trom rivet line to rivet line. In fact, had bs been
measuzzed as the clear distmce between the sides of the stiffeners,
all values of bS/ts would have leen increasbd by about 14. On

this basis, the lowest value of bS/~ Included in the present

programis 39, wheyeas the Z-stiffened.panels included values of
this ratio aO~ tO 25. It is quite likely that data for hat-
stiffened panels with values of bS/~ lower than 25 (measured

as in fig. 1) vould produce cirves that would rise above the
envelope curve for hat-stiffened psnels in figure 7J at high

--

.

.

There was a factor in the present tests, however, which tended
to tiprove the efficiency of the hat-stiffened psmels as ccinpared
with that of the Z-stiffened panels of reference 2; the rivets
were, relative to the sheet gages, larger and more closely spaced
than those in the Z-ptiffer+edpanels. The data of reference 8
tiiiicatethat stro?xzerriveted .Iointsin the Z-stiffened t)smels
would have brought ;bout sqrte &crease in

Pi ,,

‘f L~”

On the other hand, it is pointed out

%— = 1.00,
‘or t~

the curves for values of

strength at hi@ values .—

in reference 2 that, --
bs
G = 25 ‘at ‘stablish fl .

the to~ part of tineenvelope curve for Z-sti~fened panels have been .
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obtained entirely by e~apolation. Check tests made since the

%$
preparation of the curves in reference 2 showed *at, for — = 1.00,

tll!

~ 40.2 ksi. A corrected.envelope curve, based on these check tests .,
would fall only slightly above the curve for hat-stiffened panels.

Because of the several factors discussed that tend to alter the
comparison of envelopes given in figure 7, truly comparable envelope ~

~=l,mcurves for hat- and Z-stiff’ened”paneU, for
ts

, might be -

more favorable to tie hat-stiffened panels then those gtven in
figure 7. ,.-

Lamgley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Vs., June Xl.,1947
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TASLE 1

T2ST DATA FOR FLAT PANELS WITH HAT-9EOTIONSTIFFENERSWITH ~ = 0.6
~

k=’*ml

.
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!FAHLE2

TRST DATA FOR FLAT PANELS WITH HAT-SECTIONSTIFFENERSWITH bH = 0.8
%

[,1‘w = l.(x)
%

NATIONALADVISORY
COMMITTERFOR AERONAUTICS
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TA2LE3 .

TEST DATA FOR FLAT PANELS WITH HAT-SECTIOHSTIFFENERSWIT2 ~ = I.o
w

.

.

.NATIONALADVISORY
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%TXT DATA FOR FLAT PANELS WITH EAT-WTION STIF’F2NERSMITH- = 1.2
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Figure Z - Comparison of envelope curves for

Z-stiffened panels with tw/~ =~o~ (from

reference 2) ond hoi-stiffened ponels

with fw/~ =1.00.


